One of the most important problems facing the range manager and livestock man is that of achieving optimum distribution of livestock. Because of high labor costs many stockmen cannot afford competent sheep herders. In some areas, such as southwestern Utah, the trend is to fence sheep into an area and allow them to drift over the entire range at their own discretion.
This study was conducted to determine the general behavioral patterns of unherded sheep and to ascertain whether behavioral differences existed between breeds. Such information should be valuable in improving sheep and range management.
Study Area
The study area was located in the Coal Creek Drainage of Iron County, Utah, locally kno,wn as the College Ranch.
The elevation is approximately 8,500 feet. A combination of spruce and fir grow on the north-facing slopes, and oakbrush (Quercus gambelii) is prevalent on the south-facing slopes. Within these major types are aspen and open areas characterized primarily by Kentucky bluegrass (Poa pratensis) and letterman needlegrass (Stipa lettermanii) .
The topography consists of major ridges and small canyons. Water for stock is usually sufficient both in quantity and distribution, being supplied by permanent streams or developed springs piped into troughs.
This study area was purchased in 1943 by Utah State University from a local sheepman.
Prior to purchase, approximately 3,000 sheep were supported on the 2,789 acres during the summer grazing season. Ogden and Andrews (1957) conducted a range survey of this area and classified it as being in fair to poor condition. They attributed poor distribution of the sheep to non-herding and inadequate fencing and suggested that additional fences and a deferred-rotation grazing system be put into operation. Bennett et al. (1963) made a compara tive study of Rambouillet, Targhee and Columbia sheep on this study area and found that the Targhee breed gave the greatest total return per ewe. They also found that the Columbia, a larger The sheep were follolwed on foot rather than horseback, since this procedure allowed the investigator to remain quiet and unobserved. The distance between the observer and the sheep was kept to' a minimum, but a sufficient distance was necessarily maintained toI avoid frightening the animals. The grazing season was divided into an early grazing period (June, July, and August) and a late grazing period (September and Otto ber).
Five animals of each breed were selected at randolm each summer, appropriately marked and returned to the main herd.
During the period of observation, one ewe was randomly selected at approximately noon and o)bserved until she bedded down at night. The same animal was located on the bedground prior to daylight the following day and observed until noon of that day, a procedure which resulted in one sheep being observed for one continuous daylight perio'd. This time schedule was employed to ascertain whether the Because of the differences in sample sizes between breeds and between grazing periods, the statistical analysis of activities was made with a "t" test. Group comparisons were made for all possible combinations between breeds and between grazing periods.
Travel 
Results and Discussion

Distance Travelled
Throughout the entire grazing season the Rambouillets travelled the greatest distance in a daylight period (Table  1) . This breed travelled an average of 2.9 miles as compared to 2.4 miles for the Targhees and 1.9 miles for the Columbias.
A significant difference, at the selected 5% level of probability, was found between the distance travelled by the Rambouillets and by the Columbias. During the early grazing period, the three breeds showed similar but more pronounced differences. The Rambouillets again travelled the greatest distance (3.2 miles) followed in order by the Targhees (2.3 miles) and the Columbias (1.8 miles).
A significant difference was again found between the Rambouillets and the Columbias.
No significant travel differences were found between breeds during the late grazing period or within breeds when the early period was compared to the late period.
An increase in the distance travelled for all breeds occurred between the early and late periods, but these differences were not significant (Table 2) .
The greatest distance travelled was 4.6 miles by a Rambouillet in July. The shortest distance was 1.2 miles by a Columbia, also in July.
An interesting contrast is the distance travelled by all breeds in the morning as compared with the distance travelled during the afternoon.
During the morning the sheep travelled an average of 1.5 miles but only 0.9 miles during the afternoon (Table 2 ). These were significant differences.
Time Spent Grazing
Throughout the entire grazing season the Columbias spent 75.7% of the time grazing, followed in order by the Targhees with 68.7% and the Rambouillets with 67.6% ( Table 3 ). These differences were not, however, statistically significant.
During the early grazing period the Columbias spent 74.9% of their time grazing as compared to 66.3% for the Targhees. and 62.0y0 for the Rambouillets.
Significant differences were found between the Columbias and Rambouillets and between the Columbias and Targhees.
As the grazing season progressed, the percentage of time spent grazing increased for each breed, but the only significant increase was found with the Rambouillets (Table 4) .
When the percentage of time spent grazing during the early period was compared to the late period for all b,reeds, a significant increase of from 67.1% to 79.7% was found.
These data indicate that as the grazing season progressed or as forage became less available, the time spent grazing in- creased. Other authors have noted the same tendency in grazing animals (Tribe, 1949, and Southcott et al., 1962) .
Time Spent Resting
Throughout the entire grazing season all breeds spent about the same amount of time resting. The Rambouillets spent 28.2% of their time resting as compared to 26.5% by the Targhees and 22.2% by the Columbias (Table 5 ). These slight differences were not statistically significant.
During the early grazing period the Rambouillets again spent the greatest percentage of time resting (33.8%); the Targhees were intermediate (30.0y0), and the Columbias spent the least time resting (23.9%). Significant differences were found between the Rambouillets and Columbias and between the Targhees and Columbias.
As the grazing season progressed the time spent resting decreased for each breed (Table 6 ). Significant differences between periods were found for the Rambouillets and Targhees.
During the late period a significant difference was found between the Rambouillets and Targhees (Table 5) .
The average percentage of time spent resting during the early period was greater (29.8%) than that spent during the late period (14.8%) for all breeds (Table 6 ). These differences were significant at the 1% level of probability.
The Rambouillets spent a greater percentage of time resting. during 108 the early period and for the entire season because of their tendency to shade up earlier and leave the shade later than the other two breeds.
BOWNS
Time Spent Travelling but Not Feeding
Throughout the entire grazing season the Targhees spent the greatest percentage of time travelling but not feeding (4.7%) followed in order by the Rambouillets (4.1 "/o) and the Columbias (2.0%). As the grazing season progressed, the percentage of time travelling but not feeding appeared to increase for each breed and for all breeds combined.
However, no significant differences were found for this activity.
Most of the time spent travelling but not feeding occurred in the mornings when the sheep trailed to their preferred shading areas.
Watering and Salting
The sheep generally watered early in the morning, either during or following the morning grazing period. The water on the study area was usually located in the canyon bottoms and the sheep fed down from the ridges into the bottoms to drink.
This tendency was not incidental to feeding because the sheep often went considerable distances to water.
After the sheep had obtained water they either continued to graze or shaded up. There was little tendency for sheep to water in the afternoons. All verified observations of watering activity indicated that 87% of this activity occurred prior to 11:OO A.M. and 73% prior to 8:30 A.M.
When the forage was wet, as after a rain, the sheep did not seem to want or require water. Do,ran (1943) found that sheep spent very little time drinking, and he speculated that dew supplied much of their water requirement.
Salting activity also was most pronounced during the morning hours.
Although sheep preferred to take salt in the morning, they generally drank first and took salt later.
Eighty percent of the verified salting activity took place in the morning, 30y0 of the time prior to 8:30 A.M.
Determination of the effect of salt on distribution was difficult because the salt was placed on some bedgrounds, in preferred shading areas, near water, near roads and on established sheep trails.
The sheep appeared to be more salt hungry after feeding on wet forage.
Shading
Sheep generally shaded up in groups in the bottoms of canyons and seemed to favor certain areas and even specific trees. Abandoned buildings also appeared to be preferred shading areas.
One aspect of this study involved determining whether temperature was the primary factor initiating the daily shading activity. During the entire grazing season the mean air temperature at the time of shading was 58 F, while that of leaving the shade was 64 F. These differences were significant at the 5% level of probability. During the early grazing period the mean air temperature at the time of shading was 62 F and 67 F at the time the shade was left. These differences approached significance at the selected 5y0 level of probability. No significant differences were noted during the late grazing period. One observation during the late grazing period showed that sheep shaded up when the temperature was only 38 F.
These data indicate that temperature alone did not cause the animals to shade up; rather this behavior seemed to be initiated after the animals had satisfied their hunger.
This conclusion is supported by the observation of higher temperatures when the animals left the shade than when they began to shade up, as well as by the fact that the sheep continued to shade up in the fall when temperatures were quite cool.
Over the entire grazing season, appeared to be a more intensive feeding time than was the morning. The evidence for this conclusion is that the sheep graze for a longer period of time in the afternoon, yet travel a shorter distance. The sheep were observed to be more contented during the afternoon and did not search out water or salt as they did in the morning.
Bedding Habits
The usual tendency for sheep in mountainous country is to seek out the highest areas for bedding down. In this study the sheep had a few preferred bedding areas, generally located on high ridge tops free of trees or large shrubs. The same bedgrounds were used throughout the entire grazing season. Weather conditions apparently had no effect on the selection of bedgrounds. The same bedgrounds were used on warm July nights and on cold windy nights in September.
There was, however, a tendency for the Columbias to use areas other than the more preferred bedgrounds. This breed apparently preferred to bed down in the lower areas rather than trail to the tops of the ridges as did most of the other sheep. Apparently this tendency is related to their shorter travelling distances and longer grazing periods.
During the early part of the grazing season the sheep left the bedgrounds before or just after daylight.
At daybreak the ewes stood up, collected their lambs, and then moved off the bedgrounds. No quantitative data were obtained on forage preferences, but the following observations were made:
(1) The single most important forage species was Kentucky bluegrass.
It was the preferred species from early in the season until the middle of October.
The production of the grass was rather low, but it continued to grow as long as soil moisture was available.
(2) When the forage was wet, the sheep spent their entire grazing time feeding on oakbrush and snowberry (Symphoricarpos spp.). As the forage began to dry the animals again preferred herbaceous species.
Management Proposals
The results of this study suggest, two main methods of improving the management of both range and sheep.
These are the strategic location of fences and salt.
Division fences should be placed on the crest of the ridges and should follow the length of the ridges.
The reason for fencing along the ridges is to reduce the amount of time spent on any one bedground and to provide protection for part of the bedground at all times. These fences also would prevent the sheep from crossing from one drainage to another, which would maximize distribution and also reduce the distance travelled. With a rotation grazing system, more uniform utilization of the forage would be obtained, and pastures could be grazed when optimum conditions for forage and water existed.
More favorable placement of salt also should have a considerable impact on distribution.
Salt should be moved away from water, bedgrounds, main roads, and trails and placed in less preferred and lightly used areas.
